We demonstrate ultrafast transistor-based photodetectors made from single-and fewlayer graphene. The photoresponse does not degrade for optical intensity modulations up to 40 GHz, and further analysis suggests that the intrinsic bandwidth may exceed 500 GHz.
Introduction
Graphene is a single atomic layer 2-dimensional system composed solely of carbon atoms arranged in a hexagonal honeycomb lattice [1] [2] . The photonic properties of graphene are remarkable: despite being only a single atomic layer thick, it can absorb photons at least from 300 nm to 6 μm 3 and the strength of the inter-band transition in graphene is one of the largest in all known materials. A single layer (~ 0.34 nm) absorbs about 2.3% of the vertical incidence light. Multiple graphene layers absorb additively and the absorption range of the system can be tuned by changing the Fermi energy using an external field. Moreover, the carriers can travel at a speed up to 10 8 cm/s and the electrical mobility can approach 200,000 cm 2 /Vs for a free sheet for both electrons and holes. The combination of the exceptional transport and optical properties points to novel photonic devices fundamentally different from the conventional ones. In this abstract, we present our experimental results on ultrafast photodetectors made from single or few layer graphene 4 . Figure 1a shows a scanning electron micrograph of graphene devices. The optical microscope image in the inset shows the same graphene devices at lower magnification. The number of graphene layers is first estimated from the color of the optical images and then confirmed by Raman spectroscopy. The SiO 2 film underneath the graphene is 300 nm thick, and the substrate is highly resistive silicon (1 to 10 k:xcm), in order to minimize the parasitic capacitance. S 11 measurements indicate a capacitance of around 2 fF/μm 2 when the graphene is biased around Dirac point condition. We performed high frequency photo-response measurement from 10 MHz to 40 GHz using a commercial light-wave component analyzer, which measures the peak AC photo-responsivity as a function of the light intensity modulation frequency. Figure 2 shows the relative AC photoresponse of the graphene device, S 21 (f), as a function of the light modulation frequency f up to 40 GHz at a gate bias of 80 V. The curve is intentionally displaced vertically so that the response starts at 0 dB. No photo-response degradation from the graphene device is observed up to our measurement limit of 40 GHz. The inset shows the absolute DC and high frequency photo-responsivity at 1.55 μm. Inset: Peak DC and high frequency (AC) photo-responsivity as a function of gate bias.
Transistor
The peak photoresponsivity in our graphene photodetector is around 0.6 mA/W at 1.55 μm, much smaller than that in conventional III-V photodetectors. However, the photoresponsivity can be significantly improved through integration of the graphene and optical waveguide 5 , or through modifying the device and illumination schemes. Moreover, the graphene photodetectors can respond to light waves at least from 300 nm to 6 μm, making it an ideal candidate for high bandwidth and extremely wide wavelength range operations.
Conclusions
We have experimentally demonstrated fast graphene photodetectors up to 40 GHz, and further analysis indicates that it may be operational even at 500 GHz. Due to the unique band structure of graphene, it can respond to incidence light at least from 300 nm to 6 μm.
